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A αi Qi a-1
B βj Q2 b-1


















































































































































































































































































































































































































































































































































































































































Factor Level Maineffect No.oflevels
A:speaker Ai αi i=1~a(a=5)
B:V, Bj βj j=1~b(b=5)
C:C Ck rv k=1~c(c=3)












































































































Factor A B C D
Qi Qi Q2 Q3 Q4
瓦 a-1 b-1 C-1 d-1
p瓦 P(a-l)lp(b-1) p(C-1) p(d-1)





























































































t4 t5 t6 t7 t8 t9
A:speaker 5 100'99.8i99.811001100 99.899.8 99.5 98.7
B:Vi 5 10010096.5179.5'69.9 64.5 55.7
l
52.853.1
C:C 3 69.6ﾌ3.1j85.1 95.2 95.5 95.5 89.1180.377.9
1







































































































































































































































































































































































































A:speaker 5 43.1 45.3 56.0 46.2
B:Vx 5 96.0 84.0 30.7 24.0
C:C 3 37.3 49.3 64.4 49.3･

















































































































一一- 一 一 一 -
t









































































































































































































































































































































































































































































































































































































































Factor A B C D
Maineffectvector 哨 βj ric δl
Qi Q. Qj Q3 Q4


































































































































































































































































































































































































































































































































(i)ofEq.(6.9) Factor Effectvector 卵) 瓦=訟つ(も片≒
(1) A(1)-λ2) μ(l) Q. 1
(2)I A(1) (Zi(1) Q?) ai-1
(3) A(2ﾄﾞ (Zi(2) 好 a2-1
(4) B βj Q3 b-1
(5) (A(l)-j2))B rj(｀) Q4 b-1
(6) A(1)B 7'ij(1) 必) aib-ai-b十1





































































































































































































































P-T 2 97.1 87.1 79.6
































































































































































































































































































































































































































































V｢ γ1 r2 r3
p 4.53 -4.20 -3.2?
t 483 3.48 -0.85
k 3.70 -2.75 1.07
b 1.16 -1.11ﾚ1.92
d 1.00 6.75 1.68
g 0.78 -0.83 4.48
m -5.69 -1.76 -1.55
n -5.83 3.95 -0.81


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































- b+1 tr(U6)=n-ab (G.13)
areobtained.Andsincen･(1)十(1)十(ai-l)十(a2-1)十(b-1)十(b-1)十(aib-ai
-b+1)十(a2b-a2-b+1)十(n-ab),
｀J｡,Vいvr)9¨¨,V5canbeexpressedbyCochiran'stheoremasfollows:
163
岬=
??
≪j'"j Uj(ixp)二~N(0･A)･
雪
(
じ
･･･,6J(G.14)
where,7r7istherankofVI■shovヽ7ninEq.(G.13),and≪jareassumedto
bedistributedindependentlyofeachother.‘(WhenぐをP,V?is
distributedaccordinetoUishartdistributionU(Λ,p,T?)).)
Now,keepingattentiontoEq.(G.2),substitutex-ZBfor
YinVi,andexpressViasthefunctionofzりk Then
Visbr
j
al(.x;!?.-x...-μ(t))I(x!?.-X...-μ(t))
1二1'
ParticularlywhenB.:μ(1)ごμ(2)゜Oistrue･9Vi°Qi
Ontheotherhand.
V6=
????
E(Xijk-X･'.)I(zijk‾'x;'¨)゜R
μIJﾆ1k=1
(G.15)
(G.16)
V6=RholdsnomatterwhatBmaybe.andR~U(Λ･PjTe)whenT6°n-ab
≧P●ﾉｰ,･
Therefore,themomentofwofEq･(G.ll)isaccuratelyobtained
sothatwecanlearnitsasymptoticdistributionbyEox.(9)
Namely,V=-{n一見2-(p十見1十:L)/2}10glむ･isdistributedas-
Chi-squared･variatewithP見1degreesoffreedomasthesamplesizen
tendstoinfinity,where£i°1,聡十見2°ab,n-ab≧p･
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AppendixH
MatrixofSumsofSquaresandCrossProductsin
Subspace.
LetB(pxq)betheorthogonalprojectionmatrixofp-dimensional
spaceonitsq-dimenslnalsubspace.
X(1Xp)→X(1Xq)=xB (H.I)
And,letamatrixQbesuchamatrlχofsumsofsquaresandcross
productﾆSasshowninEq.(2.15).
Q(pxp)=
2(xi-z.)'(xにX.),X.=!11Xi
i=lni=1
ThenQistransformedbytheaboveprojectionasfollows.
where
6(9･･9)=j(ii-i･.)･(Xi-X.)
1=1
=.ZB'(Xi-x.)'(Xi-z.)B
t=1
=B゛n-z.)'(xi-x.))B
t=1
°B'QB,
WZ
1
-n
n
Σ
i=1
W
*i
(H.2)
(H.3)
NowletusconsidertheEq.(7.13).
SinceRisamatrixofsumsofsquaresandcrossproducts,and
B=A゛(AAI)‾1fromEq.(7.11),thentheresidualRinthesubspace1S
equalto
R=(A゛(AAI)‾1)゛R(A'(AA°)‾1)
-165-
(H.4)
